Abstract: Pulsatilla tongkangensis, a perennial medicinal herb growing on the cliffs of Tongkang, Kangwon Province, Korea, is accordingly named as P. tongkangensis as a new Pulsatilla species. Due to sharing similar morphological characters with other Pulsatilla species, how to accurately discriminate P. tongkangensis becomes a critical, urgently needed-solved problem. To understand the truth of P. tongkangensis derivation and the phylogenetic relationship in Pulsatilla, the internal transcribed spacer (ITS) region of nuclear ribosomal DNA (nrDNA) as the most frequently used marker for distinguishing plant species was amplified from P. tongkangensis in this study. According to sequence alignment result, three P. tongkangensisspecific nucleotide sites were obtained to vary from other Pulsatilla species, particularly one at 417 bp showing completely homology among P. tongkangensis accessions and completely dissimilarity between P. tongkangensis and other Pulsatilla species. As known fungal contamination is common in herbal medicinal materials when improperly processed and stored, using universal primers of the ITS region could not only plant DNA but parasitic fungal DNA. Thus, to improve the amplification condition of the ITS region from P. tongkangensis and design plant-specific primer would the following focus of our study. This work will be useful for clearly understanding the phylogenetic relationship between P. tongkangensis and other species belonging to the genus Pulsatilla.
Introduction
Pulsatilla tongkangensis Y.N. Lee & T.C. Lee (Ranunculaceae) , a perennial herb was discovered naturally growing on the cliffs of Tongkang, Kangwon Province, Korea, and recorded as a new species (Lee 2000) . From the morphological characters, the flower color of P. tongkangensis is mainly violet blue, and its style is straight different from bent styles of other Pulsatilla species (Kim et al. 2010) . In addition, during anthesis most of Pulsatilla species bends flower stalk, like widely known in P. cernua (Huang et al. 2002) , however, P. tongkangensis could not be observed the movement of the floral stalk. This morphological difference is boldly hypothesized by our authors that P. tongkangensis shares a shorter length of stem and flower stalk compared to other Pulsatilla species that the style of P. tongkangenesis is difficult to bend or move during anthesis.
As the life standard of people increases, 80% of the world's population selects traditional medicine for healthcare and therapeutic purposes (World Health Organization 2008) . Pulsatilla species, as a medicinal plant species, has been widely used as traditional Chinese medicine (TCM) for thousands of years in China. Modern biological and pharmacological studies demonstrated that Pulsatilla species contained a large number of compounds, including triterpenoidal saponins, phytosterone and anthocyanins (Xu et al. 2011) . The extracts of Pulsatilla species showed a number of biological and pharmacological effects, such as hypoglycaemic, antitumour, cognition enhancing, neuroprotective, cytotoxic and antiendotoxin activities (Sparg et al. 2004; Han et al. 2007; Seo et al. 2010) . The dried roots of Pulsatilla cernua have been mainly used for the treatment of amoebic and bacterial dysentery (Xu et al. 2010) . However, the problem of adulteration of herbal materials as a global concern is increasingly severe. Medicinal plants may be substituted accidentally by herbs from closely related species or adulterated intentionally by materials from unrelated plants (But 1994; Tomlinson et al. 2000) . To satisfy the demands of correct use of medicinal plants, an accurate, universal, stable, and specific marker allowing non-specialists to identify the source species is undoubtedly necessary (Li et al. 2011) . Most of botanists use traditional organoleptic evaluation and chemical profiling method to identify herbal medicinal materials, however, these sometimes are difficult, particularly when materials are only parts of a plant or in powder form. Recently, molecular technology using DNA barcoding is considered to be a reliable alternative tool for the identification of herbs (Kaplan et al. 2004; Li et al. 2011) . DNA barcoding method shares many advantages, such as high primer universality, high sequence quality and coverage, high discriminatory power, easily amplification, and rapid evolution rate (Adams & Palmer 2003; Cho et al. 2004) . According to The Barcode of Life Data Systems (http://www.boldsystems.org), there were more than 1,100,000 DNA barcode records of 95,000 species published until now. Searching much evidence of alternative barcodes, the nuclear region of the internal transcribed spacer (ITS) possessing many advantages, is revealed to be the most frequently utilized DNA region in plants, fungi, and even animals (Hershkovitz et al. 1999) .
Since little information is available about the ITS region sequences of P. tongkangensis, to clearly understand the phylogeny of P. tongkangensis among the Pulsatilla species is very difficult. In the present work, we successfully amplified the ITS region from environmental P. tongkangensis materials. Due to fungus contamination of our P. tongkangensis materials, the ITS amplification condition matches not only plant DNA but fungal DNA. Although a ∼160 bp difference between plant and fungal DNA makes separation with each other easy, to achieve the efficient amplification of the ITS region of P. tongkangensis, plant-specific ITS primers would be newly designed. And our following work would focus this issue.
Material and methods
Plant materials Pulsatilla tongkangensis Y.N. Lee & T.C. Lee plants were conserved by plant systematic expert, Prof. Wan-Geun Park of Department of Forest Resources, Kangwon National University. There are fourteen accessions of P. tongkangensis, and all P. tongkangensis accessions are cultured in the green house of Department of Forest Resources, Kangwon National University. Fresh leaf tissues were collected from these accessions of P. tongkangensis for DNA extraction. Their specimen vouchers and abbreviations of plant materials investigated in this study are listed in Table 1 .
DNA extraction and PCR amplification DNA extractions were performed by using the modified cetyltrimethylammonium bromide (CTAB) method described by Doyle and Doyle (1987) . PCR was performed using a Gene Amp 9700 PCR system (Applied Biosystems Inc. ABI, Warrington, Cheshire, UK) in 20 µL volumes with the following reaction components: 1 µL template DNA (∼1-100 ng), 10 × Ex Taq Buffer (TaKaRa, TAKARA BIO INC., Japan), 200 µmol/L each dNTP, 0.1 µmol/L each primer, and 0.1 µL TaKaRa Ex Taq (5 units/µL, TaKaRa, TAKARA BIO INC., Japan). PCR amplification conditions followed an initial denaturation stem of 95
• C for 5 min, 35 amplification cycles of denaturation at 95
• C for 1 min, annealing at 53
• C for 1 min, and a final extension step at 72
• C for 1 min. After the 35 cycles were completed, the samples were incubated an additional 7 min at 72
• C. Two universal ITS primers, ITS1 (5'-3' TCCGTAGGTGAACCT-GCGG) and ITS4 (5'-3' TCCTCCGCTTATTGATATGC, White et al. 1990) , were used to amplify the ITS region of P. tongkangensis materials. The amplification products were checked by electrophoresis through 1.0% agarose gel. Due to low plant-specificity of these universal primers, the PCR products had two bands, one band from P. tongkangensis DNA, the other from parasitic fungal DNA (detailed information shown in Results and discussion part). Two bands were separated and purified using the Gel Purification Kit (QIAGEN, Korea) according to the manufacturer's instructions. Purified PCR products were then sequenced at MACROGENE Advancing through Genomics (Korea, http://dna.macrogen.com/eng/).
Sequence editing and alignment
For editing and assembly of the complementary strands of the sequencing results, the software program DNA-MAN version 6.0 (Lynnon Biosoft Corporation, USA, www.lynon.com) was used. Analogue of our sequences and nucleotide sequence comparisons were detected with Basic Local Alignment Search Tool (BLAST) network services against databases (http://www.ncbi.nlm.nih.gov/). And then the sequencing results were submitted to NCBI. Their GenBank accession numbers of the ITS regions are listed in Table 1 . To detect single nucleotide polymorphisms, the multiple sequence alignments of ITS region (ITS1, 5.8S rRNA gene and ITS2) of all the 14 Pulsatilla species and 3 parasitic fungus species were respectively performed also using DNAMAN version 6.0 software.
Phylogenetic analysis
The phylogenetic relationships among the Pulsatilla species was estimated after the construction of a phylogram based on multiple sequence alignment of ribosomal DNA ITS sequence with the DNAMAN version 6.0 software (Lynnon Biosoft Corporation, USA, www.lynon.com). The nucleotide sequences used in this paper are available from the GenBank/EMBL databases under the following accession numbers: P. sp (GU732651), P. chinensis (GU732650), P. cernua (HQ829820), P. cernua × P. dahurica (HQ829821),
Results and discussion

PCR amplification
Using universal primers, there were two DNA fragments obtained from all DNA samples under the present amplification condition in all (Fig. 1) . These two bands were all located in the expected scope of ITS region (ranging from 400 bp to >1000 bp), with approximately 650 bp and 530 bp, respectively. To clearly understand the ITS amplification from P. tongkangensis materials, these two fragments were carefully separated with each other when applying for gel purification and sequenced.
Using ITS region as a DNA marker for discriminating some closely-related fungus species and understanding their phylogenetics began from the evidence of White et al. (1990) . Due to a very broad range of primer universality, universal primers could readily amplify the ITS region from plant, fungus and animal DNA samples. Combined with fungal contamination of herbal medicinal materials that is commonly existed when improperly processed and stored (Zhang et al. 1997) , efficiently amplification of objective plant ITS sequence is difficult in some cases. Only in our laboratory work, this situation of false-positive ITS amplification has reached an unignorable level. For instance, using universal primers could not amplify the plant ITS region from environmental Toona sinensis materials, but their parasitic fungal ITS sequence; in other fungusassociated plant materials, including Dracocephalum argunense and Scutellaria baicalensis, the amplification using universal primers could obtain not only plant ITS sequence but also fungal ITS sequence (data not published). In this study, the universal ITS primers, ITS1 and ITS4, were intended to amplify P. tongkangensis when using environmental P. tongkangensis materials as DNA template, however, they were also a good match to fungi parasitic to P. tongkangensis.
In general, fungal ITS sequence is shorter than plant ITS sequence. If the divergence of sequence length between plant and fungus is enough great to separate with each other, the plant and fungus DNA could be purified and analyzed separately. If not, the plant-specific primers for the ITS amplification need to be designed to produce a more plant DNA-preferential amplification condition (Cullings & Vogler 1998) .
Sequence analysis
The sequencing result suggested the bigger fragment was the objective product amplified from P. tongkangensis DNA and the smaller one was from parasitic fungal DNA. The nucleotide sequences of the plant ITS region obtained for ITS1 (207 bp), 5.8S (153 bp) and ITS2 (253 bp) were identical for all 14 accessions. The sequences were deposited in the GenBank under accession number JN811072∼JN811083, JN853785 and JN853786. The G+C content of the ITS1, 5.8S and ITS2 was 58.94%, 53.59% and 63.14%, respectively. The nucleotide sequences of the fungal ITS region obtained for ITS1 (141 bp), 5.8S (157 bp) and ITS2 (155 bp) were identical for all 14 plant materials. The represented three sequences from Tongkangensis01, Tongkangensis04 and Tongkangensis06 were deposited in the GenBank under accession number JN811087, JN811088 and JN811089, respectively. The G+C content of the ITS1, 5.8S and ITS2 was 59.57%, 46.50% and 70.97%, respectively. According to the sequence analysis of both of plant and fungal ITS regions, the plant total ITS sequences were 160 bp longer than the fungal total ITS sequences, with approximately 60 bp longer in the ITS1 region, similar length in the 5.8S rRNA region and approximately 100 bp longer in the ITS2 region.
To further understand nucleotide variation between P. tongkangensis and other Pulsatilla species, DNA alignment was performed to evaluate the single nucleotide polymorphism. In the total ITS region, there were 55 nucleotide substitutions or indels obtained in all, among which 27 nucleotide variable sites were located in the ITS1 region, 7 sites in the 5.8S rRNA and 21 sites in the ITS2 region (Table S1 , supplementary data). Among these nucleotide substitution or indel, some ones were interspecies-specific, e.g. 53 bp between P. albana (JF422890) and P. rubra (JF422891), and other ones were intraspecies-specific, e.g. 57 bp and 91 bp among P. violacea (JF422892∼JF422894); some ones were P. tongkangensis-specific, e.g. 417 bp between P. tongkangensis and other Pulsatilla species (all sequence sources investigated in this study), some ones were not, e.g. 162 bp between P. tongkangensis and other Pulsatilla species.
In the phylogentic tree constructed by all available ITS region sequences from Pulsatilla species, three groups were obtained (Fig. 2) . P. albana and P. violacea formed one monophyletic group, sharing 99% of homology rate; one P. dahurica accession, P. chinensis, and one P. tongkangensis accession formed another monophyletic group, showing 98% of homology rate; most available Pulsatilla species including P. rubra, P. halleri, P. turczaninovii, P. cernua, P. dahurica, and P. tongkangensis formed the main group, showing 99% of homology rate. In the interspecies level, the highest genetic divergence occurred between P. chinen- 
sis and P. tongkangensis, sharing 3.2% of dissimilarity rate. This result might be explained the very different habitat characteristics of both Pulsatilla species: P. chinensis habitat is mainly distributed in China, while P. tongkangensis is native to Korea. In the intraspecies level, the highest genetic divergence appeared among P. tongkangensis species, with the dissimilarity rate reaching 4.3%. According to the analogue result of the fungal sequence by BLAST on NCBI, all of our sequences shared 90% similarity to Pezizomycotina sp. (JN225883, unclassified Pezizomycotina), 83% similarity to Arthothelium spectabile (AF138814, Arthoniaceae). To our knowledge, there is only one sequence source about parasitic fungus of Pulsatilla species, HQ898650. This sequence was from Ascochyta anemones (Pleosporales), which was parasitic to P. chinensis and able to cause spot in leaf tissue (Yu et al. 2008) . Although there were some certain sequence divergence among our sequences (Table 4) , they showed only 4% dissimilarity with each other. Interestingly, all of the sequence divergence occurred between JN811087 and other two sequences, and the main sequence substitutions located in the ITS1 region. The 5.8S rRNA gene showed completely identical among our three sequences of parasitic fungus. Compared with the A. anemones sequence, their dissimilarity rate reached 35% (Fig. 3) . Except the 5.8S rRNA region showing relatively high identity, the ITS1 and ITS2 region sequences of HQ898650 were very different with our sequences. This result suggested that the type of parasitic fungus of Pulsatilla species was different from their respective environmental conditions. However, whether each Pulsatilla species had their specific parasitic fungus could not be involved, to further understand the relationship between parasitic fungus type and Pulsatilla species needed to analysis more samplings of some single Pulsatilla species naturally growing in various environmental conditions.
Hybridization of P. tongkangensis
Botanists have studied the environmental and ecological characteristics of P. tongkangensis habitats (Yoo et al. 2009 ), karyotype analysis of this species as an isolate Pulsatilla species (Lee et al. 2004) , and so on. Until 2010, there had been no evidence that P. tongkangensis could be hybridized with any other Pulsatilla species (Lee et al. 2010) . However, based on sequence analysis of randomly amplified polymorphic DNA (RAPD) markers and single nucleotide polymorphisms (SNPs) of chloroplast DNA (cpDNA), it suggested that P. tongkangensis is a heterogeneous population resulting from the introgression due to crosspollination with P. koreana (Lee et al. 2010 ), indicating that hybridization is possible in P. tongkangensis. However, in this investigation of Lee et al. (2010) , a boldly hypothesis was made that P. tongkangensis is a natural 
The number means the nucleotide site number in the complete ITS1 and ITS2 region of Pulsatilla species; -means nucleotide site identical to that of the top line.
hybrid swarm population hybridized with P. koreana, the attitude of hybridization of P. tongkangensis was not completely supported by our analysis results based on the ITS sequence.
Previous ITS sequence sources have suggested that the hybridization behavior could appear among Pulsatilla species, such as HQ829821 from P. cernua × P. dahurica. In addition, HQ735289 and GU732648 from P. dahurica also showed the hybrid results in the ITS2 region (Table 2) . P. tongkangensis, belonging to the genus Pulsatilla, of course, is not the exception of Pulsatilla species. In our study, P. tongkangensis PH5 (JN811076) has already showed hybridization at 68 bp of the ITS1 region. However, for the argument that this species is only a swarm population (Lee et al. 2010) , we had the incongruous opinion that according to the sequence analysis from 13 previous Pulsatilla species and 14 P. tongkangensis sources, three P. tongkangensis-specific nucleotide sites were obtained, at 116 bp, 330 bp and 417 bp locating in the ITS1, 5.8S rRNA, and ITS2 region, respectively (Table 3) . These P. tongkangensis-specific sites had one common point of completely homology among P. tongkangensis but not among other Pulsatilla species, of which one at 417 bp was the most represented specific nucleotide site showing not only completely homology among P. tongkangensis but completely dissimilarity with other Pulsatilla species. Thus, once one ITS sequence from some Pulsatilla species showed A(116)C(330)T(417) at P. tongkangensis-specific site, this material was inclined to P. tongkangensis. The weak discrimination power and low sequence divergence of cpDNA marker might mislead sequence variation as introgression (Lee et al. 2010) , however, the sequence divergence between P. tongkangensis and other Pulsatilla species and the occurrence of specific nucleotide sites in the ITS region strongly supported that P. tongkangensis was an isolate, new Pulsatilla species not a hybrid result.
